The objective of this paper is to employ the Hurricane Katrina evacuation into Houston, TX as a natural experiment to estimate the effect of large scale in-migration on regional earnings. Given the characteristics of the evacuees, their influx would have caused the supply of applicants for lower skilled jobs to increase proportionately more than for higher skilled jobs. We utilize a differences-in-differences-in-differences methodology in which we compare differences in average earnings in the low-skill, non-traded goods industries to the corresponding differences in the set of high skill industries in the Houston and Dallas-Fort Worth MSAs before and after the Katrina-induced migration. Unlike previous studies, we include a measure of the post-storm increase in demand for local goods and services on the demand for labor. We find evidence that the relative average payroll in the low-skill non-tradable goods industries in Houston decreased by .7% when compared to the relative change for the same group of industries in Dallas. Our findings also suggest that failure to account for demand-side influences following the migration results in significant under-estimation of wage effects due to the shift in labor supply.
INTRODUCTION
The objective of this paper is to estimate the effect of immigration on workers' earnings.
For this estimation, we take advantage of the natural experiment provided by the abrupt increase in the Houston-area population due to Hurricane Katrina. Unlike previous studies in this realm, and owing to the particular characteristics of this event, our model includes a measure of the demand for local goods and services.
Hurricane Katrina struck the Gulf Coast of the United States on August 29, 2005. According to BLS estimates, an estimated 1.504 million individuals, aged 16 or older, evacuated from their homes because of Katrina. By October 2006, 27% or some 280,000 of the evacuees had still not returned to the area in which they lived prior to the storm. The BLS estimated that one-third or about 94,000 of these evacuees were living in Texas in October 2006. Houston was the most common destination in Texas for evacuees leaving New Orleans (Frey and Singer 2006) . Indeed, based on CPS data for November 2005 through August 2006 , McIntosh (2008 reports estimates that the evacuation resulted in a 3.0% increase in the population of Houston.
Most of the evacuees that remained in Houston one year later were younger and lesseducated than existing residents. Given the characteristics of the evacuees, their influx would have caused the supply of applicants for lower skilled jobs to increase proportionately more than for higher skilled jobs. We would therefore expect to observe a decrease in low skill wages relative to high skill wages, i.e., a decrease in relative earnings. To test this hypothesis, we utilize a differences-in differences-in-differences (DDD) methodology in which we compare the relative earnings per worker between the Houston and Dallas-Fort Worth MSAs before and after the Katrina-induced migration.
Using fully disclosed establishment-level data from the Quarterly Census of Employment and Wages (QCEW) and gross sales and use tax receipts from the Texas Comptroller of Public
Accounts, we find evidence that the average payroll of firms in low-skill industries in Houston decreased by .7% relative to firms in high-skill industries when compared to the same group of industries in Dallas before and after the hurricane. Our findings also suggest that failure to account for demand-side influences following the in-migration produces misleading results. We find a statistically significant reduction in relative wages for firms in industries with levels of sales per firm below the median and a statistically significant increase in relative payrolls for firms with levels of sales per firm above 90 percentile.
The remainder of this paper is organized as follows. In the second section we discuss briefly the theoretical basis and the existing literature on immigration's impact on labor market outcomes. The third section describes the data. The fourth section contains the DDD estimation and the analysis of the results. We close the paper with a brief discussion of our conclusions.
II. THEORETICAL BASIS AND PREVIOUS RESEARCH
Basic economic theory predicts that an outward shift in the labor supply curve will result ceteris paribus in a decrease in the equilibrium wage rate and an increase in the level of employment. Whether the total average payroll increases or decreases is a matter determined by the elasticity of demand for labor services. On the other hand, an increase in the demand for labor will lead ceteris paribus to an increase in both the equilibrium wage rate and employment level, in which case an unambiguous increase in total average payroll will be observed. Demand for labor is derived partly from conditions in firms' output markets. As is normally assumed, when demand for a firm's or industry's output increases and market prices rise, firms respond by increasing output by means of engaging additional factors of production.
Most analyses of the impact of immigration on native or existing workers recognize that local labor markets are segmented along occupational lines. For example, Card (2001) makes the assumption that local labor markets are "stratified" along occupational lines. In his model, he supposes that the market effect of a relative increase in the local supply of workers within a given occupation will be largely restricted to that occupation. As such, downward pressure on relative wage rates will be greatest in the occupations in which immigrants substitute most readily for existing workers. Altonji and Card (1991) , noting that many of the goods produced within a city are nontradables or enjoy some degree of imperfect substitutability due to transportation costs, suggest "it is more reasonable to posit the existence of downward sloping labor demand functions at the local level." If this is the case, local and regional labor markets for the occupations represented in the non-tradable activities would a fortiori be expected to reflect the standard model's forecast. Wage rates in these industries can thus rise, fall or remain unchanged depending on the relative magnitudes of the shifts in the labor supply and demand curves. More importantly, if demand is properly accounted for, we would expect relative wages to fall in those industries with occupational employment that most closely matches the occupational characteristics of the immigrant population.
Although the demographic profile of the Katrina evacuees reflected the demographic profile of the affected regions, it differed in significant ways from pre-Katrina Houston. These factors suggest that the effect of the Katrina-induced shift in labor supply should be most readily observed in the set of non-tradable goods industries and, even more specifically, within the subset of those industries that tend to have relatively more low-skill occupational employment. If the increase in labor supply is concentrated in a relatively narrow set of occupations, the actual proportionate increase in labor supply would have been much larger than the raw numbers suggest. Thus, it is perhaps not surprising that evacuees that did not return to their previous areas of residence had some difficulty assimilating into their new locality's labor force.
Groen and Polivka (2008) provide information on the employment outcomes of evacuees who returned to their pre-storm area of residence and of those that did not return. They report that the employment-population ratio for non-returnees was 26 percentage points lower than the same ratio for residents of unaffected areas and about 20 percentage points lower than the ratio of evacuees that returned to their pre-storm areas. This of course may reflect the fact that individuals with known employment opportunities in their pre-storm area of residence were more likely to return than those evacuees whose employment opportunities were more limited regardless of whether they returned or not.
There is an extensive literature on the effects of immigration on native populations' labor market outcomes. The use of inter-city comparisons has been a common methodology to estimate relative labor market impacts in the U.S. where immigration rates have varied across cities. However, this approach has been criticized due to the potential endogeneity of immigration patterns and employment opportunities (see Carrington and de Lima, 1996 for an overview).
As a result of these criticisms, researchers have sought examples where the immigration is clearly non-economic. For example, it may be a result of a natural hazard, political event, or conflict. Card (1990) investigated the effect of the Mariel Boat-lift of 1980 on the Miami labor market where the "Mariel immigrants" increased the Miami labor force by 7 percent. He points to the exogenous nature of the immigration as enabling a "natural" experiment in the sense that immigrants were not responding to economic incentives, rather to political circumstances. He finds little evidence of an effect on the area's wages and employment opportunities. Kugler and Yuksel (2006) looked at the influx of lesser-skilled Central American immigrants after Hurricane Mitch. They found some evidence of negative employment effects on less-educated natives suggesting that immigrants may substitute for less-skilled natives. McIntosh (2008) considered how wages and employment among Houston natives changed with the addition of Katrina evacuees. Using CPS data for Houston and other metropolitan areas not affected by the storm, she reported a 1.8 percent decline in wages and a 0.5 percent decline in the probability of being employed among Houston natives after the storm. Belasen and Polachek (2009) studied how hurricanes in Florida affect local labor markets. They found that worker earnings in counties hit by a hurricane increased up to 4 percent, whereas earnings in neighboring counties decreased roughly by the same magnitude. In the long run, workers in both sets of counties experience faster earnings and slower employment growth than workers in completely unaffected areas.
Among the studies of immigrations outside the U.S. are Hunt's (1992) (2008) report that 42.4% of non-returnees received some form of governmental assistance.
Those that did not qualify or apply for benefits must have had other resources at their disposal.
Given this financial support, and a reduced immediacy to entering the labor market, demand side effects in labor markets, as a result of the demand-side impact on output markets for non-tradable goods, may have preceded the labor market supply side effects due to the inmigration. Therefore, this study attempts to account for these demand-side influences by proxy since statistical identification of the separate labor market supply and demand shifts is not possible due to data limitations. Using sales tax data, we can only observe changes in the levels of final taxable sales. To the extent that initial effects in output markets are assumed to come from the demand-side, the observed change in sales would reflect movement along the firms' supply curves.
How important might this supply-side effect in output markets be? Cortes (2008) examined the impact of immigration in the U.S. in the 1990s on output prices of non-traded goods. Excepting gardening and housekeeping, she finds that a 10 percent increase in the share of low-skilled immigrants decreases the prices of non-traded goods and services by 0.7 percent, concluding that lower wages due to immigration are likely behind these price decreases. 2 While she finds that wage effects are much larger (and negative) for low-skilled immigrants than for low-skilled native workers, she notes that this result appears to be related to English proficiency and, perhaps, legal status, both of which contribute to imperfect substitution between native and non-native low-skilled workers. Neither of these characteristics is generally operative in the influx of Katrina evacuees into Houston. It is more likely that substitutability between lowskilled Katrina refugees and native Houstonians would be substantially greater, tending to be near perfect substitutes.
An additional and important theoretical consideration is that real sales of localized goods and services are endogenous. As opposed to a demand-side shift in output markets that causes non-tradable industry output and demand for labor to increase, a drop in real wages due to a shift in labor supply will result in lower marginal production costs, a decrease in output prices, and an increase in equilibrium quantities. If the demand for output is elastic, the final effect will be an increase in real sales.
Separating the endogenous from the exogenous component in the observed shift in demand is beyond the scope of this paper. While we cannot rule out endogenous effects, it appears to us that the exogenous components in the Houston scenario are of significantly greater magnitude. A hurricane is clearly exogenous. Follow-on effects were also exogenous. For example, evacuees without personal transportation had little choice in their destination. We take the position that, at least in Houston in the aftermath of Katrina, there is a clear rationale for controlling for exogenous output market demand shocks due to the hurricane.
Our argument is, then, that if immigrants' occupational characteristics and skill levels are best suited to the occupational employment in the low-skill, non-tradable goods industries, the effect of the shift in labor supply would be greatest within those industries. If, by the same token, demand shocks associated with the event are also concentrated in the low-skill nontradable goods industries, the demand-side influences will be largest for those occupations in which the migrants seek employment. Therefore, taking demand-side effects into account is essential when searching for the immigration's supply-side effects on wage rates and employment within this subset of industries.
III. DATA AND DESCRIPTIVE STATISTICS
We estimate the effect of the Katrina evacuation on the Houston-area labor market by comparing the pre and post-storm differences between average payrolls for workers in the low and high skill industries, by establishment, in the Houston and Dallas-Fort Worth MSAs. We refer to the ratio of average payroll in the low-skill industries relative to the high skill industries as relative average real payroll. Dallas, as a comparison group, enables us to control for statespecific (state taxes and expenditures, for example) and broader regional influences on the markets in the two sub-regions. Dallas firms are also a good choice for a control group. Based on raw data from the Current Population Survey, McIntosh (2008) estimates the population impact on Dallas-Fort Worth was on the order of 0.5 percent as compared to 3.0 percent in the Houston region.
In this study, we use two data sources to empirically examine the effect of in-migration on the Houston economy due to Hurricane Katrina. We obtained fully disclosed payroll and employment data for Texas from the Quarterly Census of Employment and Wages (QCEW) from the Texas Workforce Commission. These data provide establishment-level monthly employment 3 and quarterly total payroll for workers covered by unemployment insurance (UI).
Reporting is required under the Texas unemployment insurance program for all firms with UI liability. Each observation includes the specific location (address) of the establishment, business start-up date (the date on which UI liability begins), and the relevant six-digit North American Industry Classification System (NAICS) code. Note that separate establishments (branches or franchises) of the same firm are identified separately by unit number and address under the parent firm's Employer Identification Number (EIN) and UI account number.
An important limitation to the QCEW data is that only aggregate payroll information is provided. Since this variable is the product of total hours worked and wage rates, no specific information on hours worked or wage rates can be directly identified. Inasmuch as there is an inverse relationship between wage rates and quantity of labor demanded, short-run flexibility in wage rates will result in offsetting changes in quantity of labor demanded, all else equal, and the actual effect on wage rates of a shift in labor supply will be obscured by the use of average payroll data. However, if labor demand elasticities are less than one in absolute value, wages and average payrolls will move in the same direction. According to Hamermesh (1993) have an elasticity of demand within this confidence interval. If so, the sign of changes in average wage rates can be inferred from the sign of changes in average payrolls. Moreover, since wages and hours worked would be expected to move in opposite directions, if the elasticity is in the interval (-1, 0), the percentage change in wage rates (in absolute value) would be greater than the percentage change (in absolute value) in payrolls. Therefore, a finding of a decrease in average payroll would imply a more than proportionate decrease in average wage rates.
To proxy demand-side influences in labor markets, we use gross sales receipts of nontradable goods industries, collected from the Texas Comptroller of Public Accounts. The unit of observation in the sales data is quarterly gross sales by industry at the four-digit NAICS for a given county. It should be pointed out that the authors obtained both the QCEW and taxable sales data sets under an agreement of confidentiality and disclosure of the actual data is subject to certain restrictions.
Since our analysis is confined to the Houston and Dallas-Fort Worth MSAs, we use only Houston and Dallas MSA-level data. This reduces our sample to slightly more than 5 million quarterly observations. We then exclude all tradable goods industries, industries that are not common to both Houston and Dallas, and the self-employed workers. Our selection of nontradable industries is based on the work of Jensen and Kletzer (2005) . They consider the geographic clustering of activities in the United States as a means to identify industries that are generally locally present from those that are not. In particular, using employment information Given that most Katrina evacuees were younger and less-educated than existing Houston residents, the effect should be most readily observed in the set of non-tradable industries that tend to have relatively more low-skill occupational employment. Therefore, to focus our empirical approach, we classify the set of non-tradable activities into low-skill and high-skill For our estimation we use establishment-level real quarterly payroll per covered employee based on average monthly employment during the quarter. We term this average payroll. Real gross sales data in the analysis are aggregated to the industry and county levels. Katrina. This difference is about $300 for high-skill non-tradable industries. The difference in average wages for low and high-skill industries is about $4,000 for both MSAs. 
IV. Empirical Model and Estimation Results
Our estimation approach assumes that changes in the average payrolls of establishments in all industries would have been similar in Houston and Dallas if the storm-induced migration had not occurred. The sharp in-migration of low-skill workers into Houston should therefore only affect relative wages in Houston, ceteris paribus. Therefore, relative average payrolls of would be expected to decline more in Houston than in Dallas-Fort Worth. This relative payroll effect might vary according to the demand for goods and services that the firm faces, as proxied by the level of sales per firm in the industry to which the firm belongs.
This DDD estimation procedure can be summarized in the following reduced form wage equation:
Where w imt is the log of the average real payroll per employee of establishment i in metropolitan area m at time t, ϕ i controls for establishment level fixed effects, H m , A and L i are indicators for the Houston MSA, the post-Katrina period, and the low-skill sector, respectively.
In addition, E imt is the average employment of the establishment relative to the average employment of the industry in the county in a given quarter, and S imt is the log of the industry sales per firm. Lastly, ε imt is the random error term. 7 The employment ratio is calculated by dividing the average number of employees for a given firm (or establishment) in a given quarter by the total average number of employees in that industry (defined by the fourdigit NAICS) for a given county during the quarter. There may be a wage effect associated with firm size. Larger firms may pay higher wages due to economies of scale associated with human resource functions and benefit package costs. 8 Real gross sales are constructed by deflating the current gross sales by the CPI published by the BLS for the relevant MSA. Sales per firm are constructed by dividing the quarterly sales of an industry in a given county by the total number of firms in that county.
Note that we are interested in examining the change on establishment-level wages following the hurricane. We use a fixed effect estimation technique to examine the withinestablishment variation, controlling for establishment-level unobservable heterogeneities. We estimate the fixed effects model using two different samples. One includes only firms in existence both before and after Hurricane Katrina. The other includes all the firms in the sample regardless of their entry or exit date. In order to observe the differential effect of including the sales variable, we estimate the fixed effects regressions with and without the sales per firm interactions. Table 3 reports results of the establishment-level fixed-effects estimation of equation (1) with and without the firms that exist only before or only after Katrina. Columns 1a and 2a
include interactions of sales per firm, whereas columns 1b and 2b do not. Notice that the coefficients for variables that do not change across time, namely the Houston, low-skill sector, given by β 4. This coefficient compares the difference in average real payroll in the low-skill firms in the Houston and Dallas MSA counties before and after the population influx generated by hurricane Katrina to the same difference for the set of high-skill firms. The effect of the employment ratio on average payroll is captured in β 5 . Finally, coefficients β 6 through β 14 allow for the previous effects to vary with the level of sales per firm.
In the specifications that include the sales per firm interactions, most of the coefficients are statistically significant at conventional levels. Only the coefficients for the dummies that control for the change in the average payroll of high and low-skill firms in the Dallas MSA after Hurricane Katrina (β 1, β 3, β 9, and β 13 ) are not statistically significant. It is important to note that there are not significant differences in the results between the regressions that include all the firms in the sample and those that include only firms in existence both before and after hurricane Katrina. In these regressions, the net effect of the Katrina induced migration on Houston area wages is given by β 4 + β 14 × S imt . Table 4 factors that contribute to the variability of wages. We restrict the estimation to three quantiles:
.25, .50, and 75. The analysis employs the specification described in equation (1) but with industry rather than establishment-level effects. The results are similar to those obtained in the conditional-mean model. We can provide these estimation results on request.
Robustness Analysis
In order to check for the robustness of our results, we estimate a number of alternative specifications. First, we address the problem of within-group correlation raised by Moulton (1990) . If this is the case, the standard errors in our model may be underestimated. We employed clustered standard errors at the establishment level to overcome this potential problem. Bertrand, Duflo, and Mullainathan (2004) , however, show that clustered standard errors can be biased downward in panel data if serial correlation is present. One approach that they recommend is to collapse the time dimension of the data down to two periods. In our application, we focus only establishments present six quarters before and six quarters after Hurricane Katrina.
We then aggregate the pre and post Katrina quarterly data by establishment and re-estimate equation (1). We find that the estimated net effect of the Katrina induced migration on Houston area wages, given by β 4 + β 14 × S imt , is negative for levels of sales per firm at or below the median, and positive for levels of sales per firm above median. This effect, however, is no longer statistically significant at any point of the sales per firm distribution.
The second question is whether the Houston MSA was already experiencing a downward trend in real average payrolls around the period of the event, either in absolute terms or relative to the Dallas MSA. To investigate this issue, we estimate the real payroll model using only establishment-level data from the pre-Hurricane Katrina time period and include time variables to measure the trends in real average payrolls in the Houston and Dallas MSAs over the relevant period. To test for differences in the trend across metropolitan areas and skill sectors, the model include an overall trend term interacted with indicator variables for the Houston MSA and the low-skilled sector. We report the results in Table 5 . Column 1 includes interactions of sales per firm with the Houston MSA and low-skill indicators, while column 2 does not. The estimated trend terms show that there is a general decline in real wages for low-skill industries and no change in real wages for high-skill industries at the establishment level in both the Houston and Dallas MSAs. However, the results indicate that the trend is not statistically different between the Houston and Dallas MSAs for either the high or low-skill industries. Hence, we conclude that, prior to Hurricane Katrina, the Houston area's real average payrolls were not trending downward relative to the Dallas MSA.
V. Conclusions
The objective of this paper was to estimate the effect of immigration on workers'
earnings. We use the evacuation generated by Hurricane Katrina as a natural experiment to estimate the effect of in-migration on workers' earnings in the non-tradable goods industries in the Houston MSA. Given that a large proportion of the Katrina evacuees who went to Houston, TX, remained for at least one year, the region experienced a nearly 3 percent sustained increase in population. Most of these evacuees were younger and less-educated than existing
Houstonians. The underlying assumption has been that the influx of lower-skilled workers would have caused the supply of applicants for lower skilled jobs to increase proportionately more than for higher skilled jobs, all else equal.
We utilize a DDD methodology in which we compare relative earnings per worker within the relevant industries in the Houston and Dallas-Fort Worth MSAs before and after the Katrina-induced migration. We find evidence that, evaluated at the average sales per firm, the relative average quarterly wages in Houston decreased by 0.7 percent compared to the same group of industries in Dallas following the abrupt in-migration to Houston. Our results also indicate that a ten percent increase in the level of sales per firm diminishes the magnitude of the reduction in relative average quarterly wages by 0.1 percentage points. Given an inelastic demand for low-skilled labor [cf. Daniel Hamermesh (1993) ], these estimates represent only a lower bound of the actual effect on hourly wages in the low-skill non-tradable goods industries.
Lastly and importantly, the same DDD becomes statistically insignificant if we fail to include a proxy for demand-side effects.
Like previous studies on the effect of mass evacuations due to natural disasters on the wages of recipient regions (Machintosh (2008), Belasen and Polachek (2009) ), this study finds a significant and negative impact on Houston-area relative wages in low-skill activities due to the mass influx of people generated by Hurricane Katrina. We posit two possible reasons for this result. First, there would likely have been greater substitution possibilities between low-skill Katrina refugees and low-skill native workers than in other contexts in which migrants generally
were not citizens and probably lacked English proficiency. Second, by including a measure of change in total output, we are able to capture an induced increase in demand for labor.
There are clearly some difficulties in interpreting these results. All immigration naturally brings its own demand for localized goods and services. But, unlike other types of immigrants, domestic in-migrants due to hurricane evacuation do not necessarily arrive with the intention to relocate permanently. Moreover, given the financial resources that were provided to the Katrina evacuees, it is possible the initial labor demand-side effects encouraged their permanent relocation and participation in the Houston-area labor market by offering greater apparent employment opportunities than were available in their previous place of residence. As their employment participation increases, the depressing effect on low-skill industry wages is observed. .853 *** denotes statistical significance at the 1% level, **denotes statistical significance at the 5% level, and * denotes statistical significance at the 10% level. Robust clustered standard errors using establishment level clusters are in parentheses. .880 *** denotes statistical significance at the 1% level, **denotes statistical significance at the 5% level, and * denotes statistical significance at the 10% level. Robust clustered standard errors using establishment level clusters are in parentheses.
